Stem cells possess unique properties, such as self-renewal ability or differentiation capacity into more specialized cells, which makes them particularly relevant for regenerative medicine and cellular therapies. Although embryonic stem cells (ESCs) are capable of differentiation into all cell lineages, their utilization is associated with ethical concerns since they are obtained from embryos. Furthermore, ESCs may form teratomas or cause immune rejection in the clinical setting. Therefore, an effort has been made to utilize stem cells derived from adult tissues, especially mesenchymal stem cells (MSCs). A particularly attractive source of MSCs is the human umbilical cord, which is typically discarded after birth and considered a medical waste, therefore the acquisition of the cells is not associated with any health risk for a patient. Moreover, umbilical cord-derived MSCs do not express MHCII, thus they exhibit reduced immunogenicity. MSCs have been isolated from all compartments of umbilical cord, however the Wharton's jelly-derived MSCs (WJ-M-SCs) are the most clinically utilizable. There are two techniques of UC-MSCs isolation: the enzymatic and explant procedures. The explant method involves cell outgrowth of tissue pieces placed into plastic culture vessel after mechanical splitting, whereas the enzymatic technique involves minced tissue digestion in an enzymatic solution. In vitro culture conditions of the isolated cells are highly variable among the researchers, however the most commonly performed molecular assays are homogenous and include: RT-qPCR, flow cytometry and immunocytochemistry.
Introduction
Stem cells have been a major focus of regenerative medicine in recent years. Their unique properties, such as self-renewal ability or differentiation capacity into more specialized cells, offer a great promise for cellular therapies. Stem cells have been isolated from both embryonic and adult tissues, however each source has its limitations. Although embryonic stem cells derived from the inner cell mass of blastocysts are pluripotent and have ability to differentiate into all cell lineages, their acquisition and potential utilization generates several issues. Aside from ethical concerns, embryonic stem cells are prone to teratoma formation after transplantation and there is a risk of immune rejection, since they express MHCII [1] .
Therefore, an effort has been made to utilize stem cells derived from adult tissues, especially mesenchymal stem cells (MSCs). As stated by the International Society for Cellular Therapy, these cells are plastic-adherent, they have self-renewal ability, and differentiation potential into osteogenic, chondrogenic and adipogenic lineages, they express CD73, CD90, CD105, while lacking expression of CD14, CD34, CD45, [2] . MSCs have been isolated from various sources, such as bone marrow [3] , adipose tissue, dental tissues, skin, salivary gland, limb buds, menstrual blood and perinatal tissues [4] .
Perinatal tissues, such as the umbilical cord, represent a particularly attractive source of MSCs, since it is typically discarded after birth and considered a medical waste. Therefore, MSCs acquisition from umbilical cord is less expensive and easier than collecting MSCs from bone marrow aspirate, as it does not require painful procedures and it has no health impact on mother and child [5] . Moreover, umbilical cord-derived MSCs do not express MHCII, thus they exhibit reduced immunogenicity [6] .
Among the compartments of the umbilical cord the Wharton's jelly is particularly abundant in MSCs, since it's cell level reaches 4 700 000 MSCs/ cm [7] . Wharton's jelly derived MSCs (WJ-MSCs) also exhibit higher proliferation rates and maintain their multipotent features for longer periods in vitro than bone marrow-derived MSCs (BM-MSCs) [8] . Moreover, a study conducted by Subramanian et al. revealed that it provides the best source of clinically utilizable MSCs compared to other parts of the umbilical cord [9] .
Histological characterization of human umbilical cord
Human umbilical cord is a structure connecting fetus to the placenta and it develops at 4 th to 8 th weeks of pregnancy, while the blood circulation within the cord is established by the end of the 5 th week. At term, it is 40-60 cm long and 1-2 cm wide [10] . Several main regions of the cord can be distinguished, speifically an outer single layer of amniotic epithelium, the subamnion, the intervascular Wharton's jelly and a perivascular region, that surrounds the umbilical vessels (two arteries and one vein) [9] .
The umbilical arteries and vein differ in structure from regular vessels of similar diameter. They comprise tunica intima and tunica media but they lack tunica adventitia [11] . The wall of the umbilical cord vein consists of a thick layer of circular, longitudinal and oblique smooth muscle fibers and internal elastic lamina, whereas the arteries are devoid of internal and external elastic lamina [10] .
Tunica adventitia is considered to support vasculature and exhibit contractile function, however in the umbilical cord its role is thought to be fulfilled by Wharton's jelly [12] . It also prevents the vessels from kinking and it provides them with insulation and protection [11, 13] . Wharton's jelly is an embryonic gelatinous connective tissue containing amorphous ground substance and connective tissue cells [14] . The extracellular matrix comprises collagen (predominantly type I), proteoglycans, such as hyaluronic acid and diffusible plasma proteins [11] . MSCs comprised in the Wharton's jelly resemble fibroblasts. However, they also contain myofilaments and express desmin and vimentin, therefore they have been called 'myofibroblasts' [15] . Since the Wharton's jelly has no nervous or vascular elements (except for the three umbilical vessels), it is unique among other connective tissues [11] .
Different methods of umbilical cord stem cells isolation
MSCs have been isolated from all of the umbilical cord compartments described above and the heterogeneity of cell isolation methods and culture conditions is great. MSCs isolation techniques can be divided into enzymatic and explant procedures. The explant method involves cell outgrowth of tissue pieces placed into plastic culture vessel after mechanical splitting. Whereas the enzymatic technique involves minced tissue digestion in an enzymatic solution. After such incubation, the extracellular matrix dissolves and the released cells are seeded into culture dishes in growth medium [4, 16] .
The MSCs from amniotic epithelium have been isolated by Gonzalez et al. among others, and the procedure involved washing the umbilical cord with HBBS and 10% betadine solution with HBBS. Afterwards the cords were cut into ~ 1 cm cross sections, which were then cut longitudinally to remove the vein, the arteries and the Wharton's jelly. The obtained umbilical cord lining was dissected into smaller pieces, put into HBBS and then seeded onto human fibronectin-coated six well dishes as explants [17] .
To retrieve human umbilical vein endothelial cells (HUVECs), the vein must be catheterized and rinsed with PBS in order to remove residual blood. Then the vein is filled with collagenase solution, the type of collagenase used (type I or IV), its concentration and incubation times, varies in different investigators [8] . After digestion, the collagenase solution with released cells is collected, washed with PBS, suspended in culture medium and seeded into culture dishes [18] . The perivascular zone of the vessels is also abundant in MSCs and the cells are retrieved with the use of enzymatic procedure as well, a collagenase solution or an enzymatic cocktail composed of dispase, hyaluronidase, collagenase and trypsin are utilized [8, 19] .
Wharton's jelly is the most common source of umbilical cord-derived MSCs. The study performed by Bharti et al. revealed that regardless of the part of umbilical cord used for WJ-MSCs isolation (the central part or the parts in the proximity of mother or the fetus), Wharton's jelly provides a valuable source of MSCs [20] and their isolation can be conducted both enzymatically and non-enzymatically. Briefly, the umbilical vessels are removed from the cord and the mucous tissue is minced into small fragments, excluding the amniotic epithelium. Then the tissue pieces are then either put in culture plates to attach to the plastic bottom to proceed with the explant method, or they are digested in the enzymatic solution in 37°C and the released cells are collected and seeded in culture vessels [8] . Both the incubation time and the types of enzymes used for the digestion vary between researchers, although collagenase is utilized most commonly. However, the use of trypsin and collagenase combined with other enzymes (e.g. hyaluronidase) has been described [21] .
In vitro cultivation of umbilical cordderived cells
In vitro culture is a critical step required for MSCs to be utilized therapeutically, since the cell number obtained from the tissue is insufficient for clinical application. Umbilical cord-derived stem cells (UC-MSCs) are usually cultured at 37°C in a humified 5% CO 2 atmosphere. However it has been reported that the atmospheric concentration of the oxygen can be relatively toxic for the cells and the hypoxic conditions could be beneficial for their growth [5, 22] . Since UC-MSCs are plastic-adherent, they are cultured either in flasks or plates and the culture medium is most commonly supplemented with 10% fetal bovine serum (FBS), however the use of 15% FBS has been described as well [23, 24] . It is important to note that the addition of FBS has its disadvantages, such as risks of contamination by prions, bacteria and viruses, and the immunological reaction against xenogenic components may occur in the clinical setting [25] . To overcome such limitations, the use of human serum [26] , platelet lysate [27] or cord blood serum [28] , instead of FBS, has been proposed.
The types of media used for UC-MSCs in vitro culture are highly heterogenous. For the growth of cells derived from the umbilical vein low glucose DMEM [29] , M199 [30] and MEM [18] without exogenous growth factors (that could induce cell differentiation) have been used with a success. Endothelial cells do not spread, migrate or proliferate when cultured in aforementioned media, therefore there is no risk of contamination of MSCs culture [8] . MSCs obtained from the perivascular zone of the umbilical vessels have been cultured in either MEM supplemented with 15% FBS [24] or low serum culture media, which is composed of low glucose DMEM, 2% FBS, 40% MCDB-201 and growth factors such as insulin and dexamethasone in a hypoxic atmosphere [31] . For the growth of MSCs derived from the amniotic epithelium the medium used were DMEM supplemented with 15% FBS, non-essential amino acids and vitamins [17] or PTTe-1 medium supplemented with 2,5% FBS and growth factors (insulin-like growth factor-1, PDGF-BB, TGF-β1 and insulin) [32] .
Since Wharton's jelly is the most popular source of MSCs obtained from the umbilical cord, the variety of WJ-MSCs culture conditions is the highest among other UC-MSCs. The types of media used include DMEM, high or low glucose DMEM, RPMI 1640, MEM, DMEM/F12, HMSCGM, KO-DMEM, with or without growth factors such as bFGF, EGF, insulin, dexamethasone, ascorbic acid, PDGF-BB, and the concentration of supplemented FBS varies from 2% to 20%, while the use of FCS, human serum or UC blood serum instead of FBS has also been reported (reviewed by Conconi et al. [8] ).
Overview of molecular assays on umbilical cord cells -most common examples
Apart from differentiation assays towards the osteogenic, chondrogenic and adipogenic lineages, several molecular assays were performed on UC-MSCs to confirm their stemness and multipotency. One of the most commonly used assays is immunoprofiling of isolated cells to assess their surface antigen phenotype with the use of flow cytometry. Briefly, the cells are stained with FITC-or APC-labeled monoclonal antibodies that are specific for CD14, CD45, CD73, CD90, CD105 and HLA-DR antigens [33] . Additional antibodies against CD34, CD44 may be used as well [34] . Then the cells are analyzed by cytometer and the positive ones are counted, which allows to assess whether the isolated cells fit the ISCT criteria for MSCs.
Moreover, immunocytochemistry may be performed to investigate UC-MSCs surface antigen phenotype as well. The cells are fixed and permeabilized and then incubated with antibodies conjugated with fluorescent stains against human antigens (either the antigens mentioned above, or additional ones) in order to confirm results obtained from the flow cytometry. After that, the stained samples are examined under a fluorescent microscope [35] .
In order to investigate the transcriptome of umbilical cord-derived cells, the reverse transcrip-tion-quantitative polymerase chain reaction (RT-qP-CR) is utilized. To perform RT, RNA is extracted from the cells with the use of TRIzol reagent or commercially available kit and then the complementary DNA (cDNA) is synthesized. After that, the PCR mix with SYBR-green and specific primers is prepared and the reaction is performed using the PCR machine. The most commonly primers used for the reaction include: Nanog, SOX-2, SSEA4, Oct-3/4, which are embryonic stem cells markers (reviewed by [8] ).
Conclusions
Umbilical cord-derived stem cells offer a great promise for regenerative medicine. The cells obtained from all umbilical cord compartments exhibit features characteristic of MSCs. They are plastic-adherent, have self-renewal ability, differentiation potential into osteogenic, chondrogenic and adipogenic lineages, express CD73, CD90, CD105, while lacking expression of CD14, CD34, CD45. The most commonly performed molecular assays are aimed to confirm these cells stemness and multipotency. On the other hand, the isolation and cultivation methods are highly variable among researchers, therefore probably each laboratory should develop its own protocol of obtaining and in vitro culture of UC-MSCs.
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